Recent progress of research on sediment transport, bed deformation and landform evolution was summarized in this paper. It can be much easier than before to conduct a numerical simulation of sediment transport event and bed deformation for the present, but there still remain essential problems. Unsteady and non-equilibrium effect of flow on sediment transport, the effect of cohesive sediment on the bed deformation process in river, and a sediment transport itself in case that the river bed is composed of sediment mixture with a very wide range of size distribution are such problems to be investigated in near future. In addition to this, some results of numerical simulation were illustrated in this paper in order to discuss how we can predict this kind of phenomenon in this research field.
INTRODUCTION
From a view point of river environment and disaster prevention, information about sediment transport in river has recently had more significant meaning than before. Knowledge about the mechanism of a self-formed channel of river is also needed. If we have this kind of knowledge, it becomes possible to manage a river to be more natural even though the geometry of river or a cross section changes during a flood event. And a bank protection, for example, may be constructed only in the reach where bank erosion is expected to occur in near future as a river planning and management.
As to the above mentioned topics, a lot of research works have been conducted in the period more than a half century. Mechanics of sediment transport has been almost understood in 1980s. Numerical tool or model which enables us to simulate a process of bed deformation in river has been also developed. It is well known that sediment transport in river was classified into bed material load and wash load, and the former is composed of bed load and suspended load. Some functions, one of which is bed load function, have been proposed, and the deformation process was evaluated numerically on the basis of volume conservation of sediment. How do you think whether we have known sediment transport event well enough? Are the models or tools for computation reliable enough to apply to the actual phenomenon in river without reconsidering or modifying them? To the best of author's knowledge, the answer is negative, and there still remain some problems. In this paper, such problems are presented in the next section. And then some results of numerical simulation are discussed later in order to confirm the current level of numerical computation in this research field.
SEDIMENT TRANSPORT RESEARCH
In this section, an overview of sediment transport study is summarized. In a river channel, sediment is transported almost as either bed material load or wash load. Considering this, no description is given on debris flow here. As to a study on bed load, following two problems still remain and should be investigated at present; (1) unsteady and non-equilibrium effect of flow on sediment transport, (2) effect of sediment size mixture in case of very wide distribution of sediment.
In general, it is well known that bed load function depends on a local dimensionless tractive force τ*, but is independent of its derivative with respect to time t and space s. The effect of ∂τ*/∂t or ∂τ*/∂s on the bed load transport rate has not been investigated yet, because it was assumed negligible for most of the phenomena which have been studied ever. The non-equilibrium effect has been recently taken into account in numerical computation of bed deformation. The analysis by Nagata, Hosoda et al. 1) is one of the first attempts to consider it. The approach by Sekine 2) was completely different from it. The idea is summarized as follows; (1) sediment transport was analyzed numerically on the basis of the equation of motion about a mass center of the particle, (2) the bed deformation was evaluated as a drop or rise in the elevation of bed surface by one particle diameter if one of the exposed particles on the surface has been picked-up or a moving particle has deposited on it. This analysis is based on the extended version of "saltation model", which enables us to consider the unsteady and non-equilibrium effect reasonably. In Figure 1 , one can see the results of such computation 2) . It illustrates a formation process of anti-dune. Initial bed profile is set flat, but it has a random concave or convex structure by a scale of sediment diameter. And a cyclic boundary condition was applied at the upstream and downstream end. A red line or blue line in this figure denotes a profile of bed surface or of water surface at each instant between 358 and 370 sec from the beginning of this computation. One can understand that three waves of anti-dune formed and migrated upstream. Recently another type of computation has been conducted by using DEM (Discrete Element Model). One should know the difference between the two. The model by author was developed on the basis of fundamental physical law only, and no additional factors or assumption is introduced. In the latter model, on the other hand, the extra model or assumption which affect strongly on the mechanics of sediment motion was introduced. Therefore, we have to think about the validity of the model. There still remains more detailed verification of it before we can rely on the model.
In case of a gravel-bed river with wider range of sediment size, there is no evidence that some sediment transport relations derived before are still effective. Most studies have been done under the relatively narrow range of size distribution, and it was assumed in some sense that all size of sediment which constitutes a bed can move. But it is possible that the larger sediment, like a stone, does not move at all. And the finer sediment is eroded from a void of the coarser sediment of bed, and is transported as suspended-load 3) . At the present, we have to develop some effective treatments of bed deformation in such a case. New idea is needed before we can conduct a reliable computation. There were a few model developed by several researchers including the one by Sekine 4) . Such a model should be a physically-based one, or is the one which can be fully verified in a level of individual sub-model. Such detailed verification has to be completed before we can apply it with some confidence. Even though the computed result agrees well with the measured one, we have to say that the model is not sufficient.
As to suspended load and wash load, there remains a fundamental problem. When one conducts a numerical computation of bed deformation, suspended sediment transport is analyzed on the basis of the convective-diffusion equation. But it must be natural for the author to understand that the motion of suspended sediment is also governed by the equation of motion about a mass center. And this transportation process must not be treated as the process of convective-diffusion 5) . Concept of reference concentration should be reconsidered.
In most of the study done before, the effect of cohesive sediment on the bed deformation was neglected. Recently, it is recognized from an environmental point of view that the consideration of the effect in predicting the actual river bed deformation is important. Erosion rate formula of cohesive sediment has been proposed 6) , and it must be useful.
PREDICTION OF BED DEFORMATION AND LANDFORM EVOLUTION
In this section, numerical simulation of bed deformation and landform evolution is discussed. The results shown here were obtained by a classical type of computation without considering the effect which was discussed in the previous section. Following two effect, on the other hand, were important and were taken into account; (1) a local gravitational effect on 
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bed load on an arbitrary inclined bed, (2) a process of slope-collapse if a local angle of bed surface exceeds an angle of repose. Modified version of bed load vector function 5) was developed and applied. It works well for the sediment transport on the bed whose inclination is less than the angle of repose in arbitrary direction. Slope-collapse model 7) was also applied so as to handle the unrealistically steep slope whose angle is greater than the angle of repose. In case that such a steep slope emerges temporally in computation, the slope has to be collapsed to maintain the angle to be equal to the angle of repose. Such a collapse can be observed as a bank erosion of river. It occurs around a migrating front of alternate bar, too. Line of bank or a front line is not always parallel to or perpendicular to a flow direction, and the collapse has a possibility to occur in arbitrary direction which is independent of the structure of computational grid or mesh. Slopecollapse model is reliable tool in this sense, and it enables us to make this kind of computation be stable. It is also important that the grid size of computation can be set small enough to realize a computation with high resolution in space.
In this paper, two results of computation are illustrated in Figures 2 and 3 . And only the results by author and his colleague are presented here because of a lack of space. It is needless to say that great achievements have also been done by some other researchers. Figure 2 shows a numerical result of a formation process of braided stream 7) in a laboratory channel. Initial condition is as follows; (1) a bed is almost flat but it has small disturbance with a scale of sediment diameter, (2) the channel has trapezoidal cross section and is erodible because it is made of sand. Cyclic boundary condition was applied at the upstream and downstream end. The Figure 2 (a)-(d) show the variation in contour map of bed surface elevation at each instant. In Figure 2 (e)-(g), a contour map of flow depth, a vector map of depth averaged flow velocity and that of bed load transport are seen at 120 min. from the beginning. In these figures (a)-(g), the results are illustrated only in the range between -0.9 and 0.9 m in lateral direction. The coordinate y = ±0.9 (m) corresponds to the position of water margin at initial condition. The water margin at each instant can locate beyond this range. Variation of the location in time and space is summarized separately in Figure 2 (h). As a time goes on, the systematic structure of braided stream appeared and developed in its magnitude. In this process of development, one can expect from this variation of water margin that a bank erosion or sediment deposition around a water margin occurs successively. It is well known that this is the nature of braided stream development. Figure 3 shows a numerical result of alluvial fan formation in an experimental scale 8) . In this numerical simulation, a permeable plain seen in each figure is set downstream, and a channel connects to the plain along the segment of x = 0, |y| < 2.5 (cm) in Figure 3 . Under the initial condition, the surface of plain is flat with small disturbance which is same as the one explained above. The channel has a movable bed with uniform sand. Water and sand are supplied at the upstream end of the channel. Beneath the surface of the plain, there exists a permeable layer. The water level in this layer is regulated to keep constant along the line of both side end and downstream end of this layer. Subsurface flow in permeable layer was computed on the basis of Richard's equation, and a surface flow both in a channel and on the 2-D plain was computed on the basis of shallow water equations. The essence of this phenomenon is that (1) sediment deposition occurs on the plain, (2) a stream or a self-formed channel can appear or disappear on the deposited sediment layer, (3) the channel migrates laterally toward a center line, and (4) the landform develops gradually to a fan-like geometry. The left figure in Figure 3 denotes a contour map of deposition depth at any Fig. 2 Numerical result of the braided stream formation 7) instant, and the right denotes a map of flow velocity vector and the contour map of water depth. One can understand how the alluvial fan develops under this ideal condition. Comparing this result with the one of laboratory experiment by Sekine, Arai et al. (1998) , it was suggested that the system of numerical simulation works fairly well.
CONCLUSION
In this paper, the current state of research on sediment transport, bed deformation and landform evolution was overviewed. We have already had knowledge of it and a numerical technique to simulate or predict the event caused by a sediment transport to a certain extent. A few results of numerical simulation were illustrated in order to make clear how we can do. But there still remain a lot of unresolved problems, and some descriptions about it were added in this paper.
